Summary. The contributions from the oceanic and ionospheric dynamos, Lo and L I respectively, to the geomagnetic lunar daily variation, L , at Alibag, a coastal station in the Indian equatorial region, are calculated from the L harmonics derived from a 41-yr long series of observations. The analysis in the calendar months shows a steady and significant ocean dynamo contribution in the vertical component, 2, in all the months except April. Examination, by an analysis of the data year by year, of the association of L o and LI with varying solar and magnetic activities reveals, surprisingly, a stable correlation between the magnetic activity index A , and the oceanic part in the horizontal and vertical components but not in declination, which probably indicates the influence of induced currents, along the latitudes, on Lo.
Introduction
Interpretation of the observed geomagnetic lunar daily variation, L , at a coastal station is complicated by the presence of a contribution, although of small magnitude, from the ocean dynamo, powered by the tidal movements of the conducting waters of the ocean across the geomagnetic field. Malin (1970) has given a method for calculating the ocean dynamo effect from the first four harmonics of L derived by the Chapman-Miller method (1940) , with the main assumption that the ionospheric contribution to L is negligible at local midnight and therefore the midnight value of L represents the ocean dynamo contribution. Schlapp & Weekes (1973) , however, consider that more than four harmonics are required for its adequate determination and prefer that the ocean dynamo contribution be obtained directly by an analysis of midnight or near midnight data. In the course of an extensive analysis of the Alibag (geographic: latitude 18" 38" and longitude 72" 52' E; geomagnetic: latitude 9.5" N and longitude 143.6') magnetic data over the period 1932-72, L was determined separately in each of the calendar months as well as year by year, and the results were presented and discussed elsewhere (Sastri, Arora & Rao 1978; Arora & Sastri 1977) . Using these harmonics, obtained by the Chapman-Miller method generalized by Winch (1 970), the part of L due to the ocean dynamo is separated from the ionospheric part, essentially in the lunar semidiurnal harmonic, L2, by the following expressions from Malin: N. S. Sastn, B. R. Arora and D. R. K . Rao II cos hI = -(II cos h1 +'13 cos h3 t l4 cos h4) 21 sin XI = -(I, sin X1 t ' f 3 sin A3 + I4 sin h4) and PI = (P'4 + P; + P : Y 2 where I, A and p represent the amplitude, the corresponding phase angle and the vector probable error, pe, respectively. The amplitudes are considered significant or well determined if they are 2.08 times the corresponding probable errors (Leaton, Malin & Finch 1962) . Amplitudes and the phase angles for the twelve calendar months and the year are given in Table 1 for both the oceanic and ionospheric parts of L in all the elements. The annual progressions of Lo and Ll are also shown in Fig. 1 as harmonic dial diagrams. 
General features of Lo and LI
The amplitude of the ocean dynamo part in declination, D, is significant only in the months
November to March and in the horizontal component, H , in the three months, April, September and December, whereas in the vertical component, Z, Lo is surprisingly well determined in all the months except April. Variation is small in Lo amplitudes, significantly determined. With a standard deviation less than one-fourth of the mean monthly amplitude, 0.57 nT, the monthly average amplitude of Lo in 2 is almost steady. L I is generally large and significant. It shows a semiannual variation with higher amplitudes around the solstices, although the amplitude in September is large in D and 2. Curiously, in H , although L2 is well determined in all the months except April, LI shows significant values only in those months which have L well determined. The well-determined oceanic part of L in Z shows more or less a constant phase in its annual progression whereas a transition of phase is seen for L I in the d-months (November to February). Similar phase transition is also seen in declination; H exhibits no such change in phase. This phase change in D and Z indicates that Alibag comes under the influence of the southern L current system in the d-months (Sastri et al. 1978) .
It is noteworthy that the only insignificant and also the minimum value of Lo in 2 occurs in April in contrast to the highest and most significant Lo in H seen in that month. As LO in H is generally insignificant, this may suggest a change in the orientation and/or of the location of the ocean dynamo currents in April. Sverdrup, Johnson & Fleming (1942) have given the weekly averages of sea level observed by LaFond at La Jolla, California, by tidal records and also extrapolated from topographic charts of the surface relative to the 500-decibar surface as derived from cruises in 1937 and 1938. The sea level shows a minimum around March-April in both the years. Such determinations are, however, not readily available for the Arabian Sea for comparison with the observed annual variation of LO at Alibag.
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LO and L I in relation to solar and magnetic activities
Amplitudes and phase angles, in the calendar months, of either the ocean dynamo terms or the ionospheric dynamo terms, derived by dividing the data into four groups of increasing solar activity by the annual mean Zurich sunspot number, R z , show little variation with increasing sunspot number, as noted by Gupta (1974) . Lo in 2, which has well-determined amplitudes in all the months except April when obtained from the entire period, shows only a few significant amplitudes when the data are divided into the four solar activity groups. The lack of relationship with RZ is evident in the total and partial correlation coefficients between the lunar parameters obtained for each of the 41 years and the annual mean RZ.
The coefficients, computed by the standard methods (Fisher 1930) , are given in Table 2 . Similar correlation coefficients of the lunar parameters with A , are also given in the table. Since the lunar amplitudes and lunar ranges calculated as twice the sum of the first four harmonic amplitudes show considerable irregular variation, these as well as R Z and A , are smoothed by taking 5-yr running averages. Wolf's ratios, m (X lo4), (where m x lo4 is the percentage change in the lunar parameter for an increase in the annual mean R Z from 0 to loo), are also given in Table 2 . The ionospheric part in only Z shows a correlation with R z , which is also marginally stable. By stable correlation it is to be understood that the parameters have a significant coefficient of correlation with R Z or A , which remains significant in the partial correlation with R Z for a constant A , or, with A , for a constant R z . The ocean dynamo part, which does not have significant partial correlation with R Z in any of the elements, surprisingly exhibits a stable correlation with A , in H and Z but not in D . Also, the partial correlation coefficient of the ionospheric part with A , is significant in H , marginally significant in Z and is not significant in D . The correlation coefficients are not much different in their significance when they are computed using the 5-yr running averages of the lunar parameters weighted with the inverse square of the respective vector probable errors.
As the variations in magnetic activity are expected to have no effect on the ocean tides, it is suggested that the observed correlations with A , must be due to the influence of magnetic activity directly on the ionosphere and indirectly on the ocean dynamo contribution through the part of it contributed by the subsurface currents caused to flow along circles of latitude (because the effect in D is insignificant) in the night hemisphere by the currents induced below the Earth's surface by the overhead ionospheric lunar currents in the day hemisphere. Such subsurface currents in the night hemisphere which would flow along circles of latitude were shown theoretically possible by Ashour & Price (1965) for the S, currents. Schlapp (1977) suggests, as one of the possibilities, a similar process to explain the significant variation of L at midnight with the magnetic activity which he has observed.
A stable correlation with R Z is seen for the L ranges in H and D , both with and without the ocean dynamo contribution included. Wolf's ratios (Table 2 ) computed for both the L ranges are comparable with each other within the probable error limits. Therefore the ocean dynamo contribution in the measured L may not be the reason for the observed difference between Wolf's ratios for solar and lunar daily variations, as suggested by Chapman, Gupta & Malin (1971) and by Malin, Cecere & Palumbo (1975) . The magnitude of the above Wolf's ratios is comparable to similar ratios for E-region conductivity, 33 x lod4, given by Appleton & Beynon (1967) , suggesting that any solar cycle modulation on L at Alibag may primarily arise from the corresponding variations in the E-region conductivity.
